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氯离子对铜在玻碳电极上电结晶的影响
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摘要　采用线性扫描伏安法和计时安培法研究了硫酸铜溶液中铜在玻碳电极上电结晶的初期行为.在含与不含氯
离子的 0.05 mol·L-1 CuSO4-0.5 mol·L
-1 H2SO4 电解液中 , 循环伏安实验结果表明铜在玻碳基体上的沉积没有经过
UPD过程;氯离子明显使 Cu 的沉积和氧化峰变得尖锐 ,促进 Cu 的沉积速度.计时安培实验结果表明 , Cu 的电结晶
按瞬时成核和三维生长方式进行.氯离子不改变 Cu 的电结晶机理 , 但在 I ～ t 曲线中 , 导致电流达最大(Im)所需的
时间 tm 减小 、晶核数密度和生长速度增大 , 从而明显改变Cu 沉积层的质量.当Cl
-浓度在 10～ 20 mg·L-1范围内 , 成
核的晶核数密度达较大 ,即氯离子的最适宜添加量.
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Abstract　The initial stage of copper electrodeposition and the influence of chloride ions on the nucleation and
growth of copper on glass carbon from acid sulphate solution were studied by using the cyclic voltammetry and
the chronoamperometry method.Instantaneous nucleation with three-dimensional growth is found for the
solutions either with or without chloride.Obviously , chloride ions increase the nucleation rate and the nuclear
number density of nuclei at the surface.Since the deposits are smooth , bright at high nuclear number
densities , it can be concluded that chloride ions effectively promote the smooth and brightness of surface.The
higher nuclear number densities are obtained at 10 ～ 20 mg·L
-1
of chloride ions.Maintaining the optimum
level chloride ion concentration is beneficial to electrodeposits.












Received March 19 , 2002;revised August 26;accepted September 9 , 2002.
国家自然科学基金(No.20073037)、优秀国家重点实验室基金(No.20023001)资助项目.







响[ 4 ～ 7] ,作为酸性光亮镀铜中的必要添加剂 ,无机氯
离子对铜电结晶影响的研究报道相对较少[ 8 ,9] .氯








碳电极作研究电极 ,其工作面积为 0.071 cm2 , 辅助






































Figure 1　Cycle voltammograms for the deposition of copper on
a glass carbon electrode in solutions containing Cl-
Scan rate:10 mV/ s.★—0 mg·L-1;■—10 mg·L-1;◆—20 mg·
L-1; —40 mg·L-1
　　大多数添加剂对金属电沉积起阻化作用.电解
液中加入 Cl-后 ,Cu的沉积电位基本不变 ,表明 Cl-






变得尖锐 ,且峰电流增大 ,说明 Cl-在 Cu的电沉积
过程中起氯桥的作用[ 13 ,14] ,促进 Cu 的电沉积.Cl-
为 40 mg·L-1时的阳极过程出现两个明显的电流峰
在-0.33 V 和-0.17 V 附近 ,即出现 Cu的分步溶
出 ,说明 Cu的沉积层中可能出现 CuCl夹杂[ 14] .因






Cu在玻碳电极上的 I ～ t 曲线 ,可获得 Cu成核和生
长的信息.图 2为玻碳电极在不含氯离子的硫酸铜







-0.45 V负时 ,才能够观察到 Cu 电沉积引起的电
流.电位负移 ,Cu电结晶初期达极限扩散时的电流
(Im)对应的时间(tm)减少.其它含氯离子的电解液




图 2　玻碳电极在不含氯离子的电解液中的恒电位 I ～ t
曲线图
Figure 2 　Potentiostatic current transients on glass carbon
electrode in electrolyte without chloride
　　利用电位阶跃测定判断电结晶机理的常用方法
之一是检验暂态初期的 I ～ tn 的线性关系 , n 取不
同值 1/2 , 3/2 , 2和 3代表不同成核和生长机理[ 5] .
由图 2可得当 t 很小时 , I 与 t 1/2成正比 ,这预示着
Cu的电结晶遵从成核 、扩散控制的生长机理.
利用Scharifker及其合作者[ 15]导出的扩散控制
























由式(1)和(3)导出的 I 和 t 电流密度的无因次表达
式见表 1.
表 1　瞬时成核和连续成核的无因次数学表达式










































　　式中 zF 是沉积离子的摩尔电荷 , D , c 分别是
该离子的扩散系数和浓度 ,M 和ρ是金属沉积相的










示 ,图 3中的实线 a , b分别是瞬时成核和连续成核
机理的无因次(I/ Im)




图 4为-0.48 V电位下 ,Cu在含和不含氯离子
电解液的无因次(I/ Im)
2
～ t/ tm 关系曲线 ,由图可
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图 3　对应于图2 的无因次(I/ Im)
2 ～ t/ tm 图
Figure 3 　Non-dimensional(I/ Im)
2 vs.t/ tm plots of data
corresponding to potential steps of Fig.2
★—-0.470 V;■—-0.475 V; —-0.480 V;◎—-0.485 V
图 4　氯离子作用下的无因次(I/ Im)
2～ t/ tm 图
Figure 4 　Non-dimensional(I/ Im)
2 vs.t/ tm plots for the
effects of chloride at -0.48 V
◆—0 mg·L-1;◎—10 mg·L-1;■—20 mg·L-1;★—40 mg·L -1
表 2　玻碳电极上不同氯离子浓度硫酸铜溶液中 Cu 电结晶的实验结果
Table 2　Experimental results for the electrocrystallization of the deposition of copper on glass carbon in electrolyte with different concentration
of chloride
Cl-/(mg·L-1) tm/ s Im/(10
-3A·cm-2) Im
2 tm/(10
-5 A2·s·cm-4) N/(105 cm-2)
-0.465 V
10 7.57 3.02 6.81 1.24
20 3.35 3.37 3.83 5.05
40 7.63 3.05 7.12 1.17
-0.470 V
0 8.10 3.18 8.19 0.96
10 2.93 3.79 4.21 5.20
20 1.83 4.22 3.23 10.8
40 2.73 4.34 5.15 4.54
-0.475 V
10 2.93 3.79 4.21 5.18
20 1.04 6.72 4.67 13.1
40 1.69 5.08 4.36 8.59
-0.480 V
0 3.71 3.58 4.75 2.13
10 0.92 7.01 4.53 15.4
20 0.83 6.81 3.84 13.9
40 1.33 5.49 4.02 11.8
-0.485 V
0 2.13 4.79 4.92 6.15
10 0.88 7.28 4.67 15.6
20 0.39 8.19 2.59 64.4






为半球状 ,其生长纯粹由扩散控制.事实上 ,当 t 很










量在 10 ～ 20 mg·L-1范围 ,晶核数密度较大.晶核数
密度是表面光亮度和平滑度的特征量 ,成核数密度





成核电流密度达最大值 Im 所需的时间 tm 大为缩
短 ,同样当氯离子浓度在 10 mg·L-1 ～ 20 mg·L-1时 ,
对应的 Im值最大 , tm最小 ,这表明当氯离子浓度适
量时 ,成核速度加快.
电位较高时 ,时间达到 tm ,电流表观上已经接近
于平板电极的极限电流 ,抵达电极表面的 Cu2+立即












, 这比文献值 D =6.4×
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Catalytic Performance of Novel SnxZr1-x O2
Solid Solution Catalysts for NO Selective
Reduction by Propene under Lean-burn
Conditions
WEI , Ji-Ying;ZHU , Yue-Xiang;XIE , You-
Chang
Acta Chimica Sinica 2002 , 60(11), 1929
A series of SnxZr1-x O2 solid
solution catalysts was prepared
by co-current coprecipitation
method using ammonia solution
as precipitation agent and
calcined at 500 ℃ for 4 h in
air.Their catalytic performance
for NO selective reduction by
propene under lean-burn
conditions was investigated.
Synthesis and Characterization of Fe3+-doped
TiO2 Nanoparticles
SU , Bi-Tao;ZHANG , Zhang;ZHENG , Jian;
SU , Zhi-Xing
Acta Chimica Sinica 2002 , 60(11), 1936
The absorption band edges of Fe3+/TiO2
complex nanoparticles , prepared using acid
catalyzed sol-gel method , were largely red-
shifted and their intensities increased with
increasing amounts of Fe3+-doped.The
photocatalytic activities of Fe3+/TiO2
nanoparticles were affected by the absorbing
width and intensity and they were not linear.
Density Functional Theory Study on the
Mechanism for the Reaction of HNCO with
CX(X=F , Cl , Br)Radical
LIU , Peng-Jun;PAN , Xiu-Mei;ZHAO , Min;
SUN , Hao;SU , Zhong-Min;WANG , Rong-Shun
Acta Chimica Sinica 2002 , 60(11), 1941
The reaction mechanisms of HNCO with CX (X = F , Cl , Br) have been
investigated using density functional theory (DFT) at the B3LYP/6-31 +G ＊
level.The results show that the hydrogen transfer between molecules is the first
step in the case of HNCO with CX reactions.Then the N atom approaches the C
(1) atom forming the N—C(1) bond and the stable intermediate (IM) is
obtained.After that the N atom transfers to C(1) producing TS2.The TS2
decomposes into product finally.
Effect of Chloride Ion on Electrocrystallization
of Copper on Glass Carbon Electrode
GU , Min;YANG , Fang-Zu;HUANG , Ling;
YAO , Shi-Bing;ZHOU , Shao-Min
Acta Chimica Sinica 2002 , 60(11), 1946
The effect of chloride ion on the
electrocrystallization of copper on
glass carbon has been studied.It is
found that chloride ion does not
change the nucleation mechanism of
copper. Instantaneous nucleation
takes place for the solutions either
with or without chloride ions.But
chloride ion increases the nucleation rate and the density of nuclei at the surface ,
resulting in a smooth and brightness copper deposits.
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